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Objective: This study was designed to investigate interobserver variability in the measurement of internal carotid artery
(ICA) peak systolic velocity (PSV). We hypothesize that the reproducibility of repeated duplex scanning parameters, in
the hands of very experienced vascular technologists in a laboratory accredited by the Intersocietal Commission for
Accreditation of Vascular Laboratories, would be excellent.
Methods: Thirty-one patients underwent carotid duplex scanning by three vascular technologists using the same duplex
scanning system. They examined patients with the laboratory’s standard protocol. Statistical analysis of the sources of
variation was carried out with two-way analysis of variance. The Altman-Bland method was used to detect bias and
evaluate the interval of agreement between technologists for the ICA PSV on a continuous scale. The  statistic enabled
measurement of agreement for ICA PSV on a categorical scale of stenosis (<50%, 50%-70%, >70%).
Results: Patient variability was responsible for 97.2% of the total variance, with only 0.58% (P < .005) attributed to the
technologists. The level of agreement on a continuous scale between the measurements of ICA PSV by our technologists
is wide. For individual patients it ranged from 25% to 43% between technologists A and B, 27% to 43% between
technologists A and C, and27% to 31% between technologists B and C. When we compared the three technologists, no
systematic overestimation or underestimation of the ICA PSV was found (ie, no fixed bias). The level of agreement
between the technologists did not depend on the value of the PSV (ie, no proportional bias). However, analysis of ICA
PSV agreement on a categorical scale revealed almost perfect agreement ( >0.8).
Conclusion: From measurements of PSV, the severity of carotid stenosis can be reproducibly categorized into ranges
(<50%, 50%-70%, >70). However, the unacceptably wide interobserver variation of ICA PSV on a continuous scale
makes the interchangeability of our technologists’ measurements problematic for clinical use, as in determination of
progression of severity of stenosis. When an ICA PSV measurement is in the vicinity of a cutoff value, the diagnostic
accuracy may be improved with the use of additional diagnostic testing. (J Vasc Surg 2004;39:735-41.)Duplex scanning of the carotid arteries is a standard
diagnostic test for assessing the severity of carotid arterial
occlusive disease. The high accuracy of this noninvasive
test, compared with digital subtraction angiography and
magnetic resonance angiography, has made duplex scan-
ning the main imaging method for screening, preoperative
assessment, and follow-up. Diagnosis is based on one or a
combination of measurements or observations in the re-
gion of a stenosis, including peak systolic velocity (PSV),
end-diastolic velocity, ratio of PSV in the internal carotid
artery (ICA) to common carotid peak velocity, detection of
disturbed flow (spectral broadening), and severity of plaque
as assessed on the B-mode image. Measurement of ICA
PSV is widely used to determine the severity of a stenosis.1-3
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of 70% or greater is 88% to 95%.3-5 Although these results
are good, perfect agreement is limited by errors in the
duplex scan measurements, including interobserver varia-
tion among the technologists, and the inaccuracy of using
angiography as the standard for interpreting the severity of
the stenosis.6,7
For clinical decision-making, it is important that the
measurement of ICA PSV be accurate, with low interob-
server variability. This is particularly important in patients
with a stenosis that is in the vicinity of a cutoff value that will
result in a stenosis being inaccurately reported. An inaccu-
rate measurement may result in additional unnecessary
diagnostic testing, or inappropriate intervention or medical
treatment.
This study was undertaken to determine interobserver
variability in the measurement of ICA PSV. One indicator
for the reliability of a method is its reproducibility. We
studied the reproducibility of repeated duplex scanning
parameters in the hands of very experienced vascular tech-
nologists in a laboratory accredited by the Intersocietal
Commission on Accreditation of Vascular Laboratories
(ICAVL). Special attention was paid to the variability that
would occur in the categorization of stenosis with border-
line severity.735
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In making velocity measurements, several factors cause
errors in PSV measurement. These sources of error fall into
three broad categories: factors intrinsic to the artery being
studied, such as vessel site, size, depth, tortuosity, plaque
calcification, and vessel acoustic impedance (reflection and
refraction)8; variations attributable to equipment, such as
transducer beam pattern (steering vs nonsteering), signal
processing, signal-to-noise ratio, and factors that affect
frequency spectral shape, such as aperture size, transit time,
and geometric broadening, sample volume length, and
shape, the later being affected by depth (attenuation),
acoustic impedance, and frequency; and factors related to
the examination technique by the technologist, such as
experience, accurate sample volume size, and three-dimen-
sional placement in the vessel at the site of maximum
stenosis, angle of insonation in relation to the velocity
vector, which is not necessarily parallel to the vessel axis,
and choice of color Doppler and gain settings.9-11
The literature contains a wide range of cutoff values for
differing degrees of stenosis. However, there are limited
data on the interobserver variation of duplex scanning
parameters for ICA stenosis.12-16
MATERIAL AND METHODS
The study group consisted of 31 patients who con-
sented to undergo color-coded duplex ultrasound scanning
by the same three technologists. The indications for referral
to our laboratory were suspected carotid artery occlusive
disease, follow-up study of existing stenosis, or postopera-
tive surveillance. The technologists work in a tertiary uni-
versity hospital in an ICAVL-accredited laboratory for ce-
rebral vascular diagnosis. Their experience as vascular
technologists ranges from 13 to 23 years. Each technolo-
gist completes more than 300 duplex cerebrovascular ex-
aminations per year.
Measurements and recording of results
The first technologist performed a complete bilateral
cerebrovascular examination. Each patient was then
scanned sequentially by the other two technologists, who
were not aware of the results obtained by the other tech-
nologists. The last two technologists were asked to perform
carotid scanning on the side of the most severe carotid
stenosis. The order in which the technologists performed
the examination was not randomized, but based on their
availability.
A duplex scanning system (Acuson 128; Mountain
View, Calif) equipped with a 5.0-MHz to 7.5-MHz linear
array transducer was used in all examinations. The technol-
ogists were instructed to examine the patients as in clinical
practice. They were allowed to adjust parameters of the
machine as necessary to ensure a natural measurement
environment. The ICA was found in B-mode, and PSV was
recorded from the Doppler spectrum at the site of maxi-
mum stenosis or in the area where color change suggested
the highest velocity. If no lesion was present in the ICA, aDoppler measurement was made in the proximal ICA. The
Doppler waveform was obtained with an angle of in-
sonation of 60 degrees or less. The location for the record-
ing of the common carotid artery was not standardized, but
was at a normal site in the artery. Patients with occluded
arteries were excluded from the study. End-diastolic and
ICA-CCA ratios were also measured.
Statistical analysis
Analysis of sources of variation. Two-way analysis of
variance (ANOVA) was used. With this technique the total
variation present in a set of data is partitioned into multiple
components. Associated with each of these components is a
specific source of variation, so that in the analysis it is
possible to ascertain the magnitude of the contributions of
each of these sources to the total variation. Such a model
assumes that the patients are a random sample from the
population of all possible patients and that the technolo-
gists are a random sample from the population of all possi-
ble technologists. As such, we are interested in making
inferences about the population of patients or the popula-
tion of technologists, rather than inferences about these 31
patients or these three technologists. Our variance compo-
nent model partitions the observed variability of a given
measurement into variability between patients, variability
between technologists, and residual variability within a
subject. Essentially, each measurement deviates from an
overall mean. The deviation can be decomposed into tech-
nologist-specific deviation, patient-specific deviation, and
within-patient deviation.
ANOVA will answer the question of how variable the
measurements between technologists are. Once the vari-
ance components model has been fit to the data, this
question can be addressed by testing the hypothesis that the
between-technologist variability is zero. The variance of the
residual term enables assessment of within-subject variation
for a given measurement. Analysis of this residual variance
enables us to see how variable the measurements within
patients are. ANOVA will not enable comparison of our
measurers and detection of disagreement (bias) between
the three technologists.
Analysis of agreement for ICA PSV as a continuous
variable. The Altman-Bland method17,18 was used to
compare technologist agreement of ICA PSV as a contin-
uous variable. With this method of analysis the main tool
for continuous analysis is the scatter plot. This plot repre-
sents graphically the variability between two technologists
measuring ICA PSV in the same patient. The arithmetic
difference (y-axis) between the two measures of ICA PSV is
plotted against the mean of the two measures (x-axis). An
ordinary least-squares regression line is then plotted. If the
ordinary least-squares regression line fitted to the plot has a
slope (b) that differs significantly from 0, then a propor-
tional bias exists. Proportional bias would indicate that the
agreement between observers is diminished as ICA PSV
rises. Also, if the mean value for the differences (d) differs
significantly from 0 on the basis of a one-sample t test, then
there is fixed bias. Fixed bias indicates that a technologist
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velocity, as compared with the other technologist. It is
important to point out that the mere absence of bias often
does not provide sufficient information to allow the state-
ment that one technologist’s measurement can be used
interchangeably with the others’. Bland and Altman sug-
gest the calculation of the possible range of difference for a
given ICA PSV. They calculate the 95% limits of agree-
ment, which is
d  tn  1,2Sd(11/n)
where d is the mean difference between technologists, Sd is
the standard deviation of the difference between technolo-
gists, tn  1, 2 is the value of t corresponding to two-sided
P  .05 for df  n  1, and(1  1/n) is an adjustment
for small sample size.19
When agreement is complete, all points would be on
the zero line of the y-axis, and the 95% limits of agreement
Fig 1. Variability of the internal carotid artery peak systolic veloc-
ity among three technologists ICA, Internal carotid artery.
Fig 2. Difference against means for internal carotid artery peak
systolic velocity for technologists A and B after logarithmic trans-
formation (Altman-Bland method). Black lines, Upper and lower
levels of agreement; red dashed line, mean difference; blue dotted
line, regression analysis. ICA, Internal carotid artery; PSV, peak
systolic velocity.would be tight. The greater the spread from the zero line,
the greater the discrepancy between the technologists in
measuring ICA PSV in the same patient. If the differences
are not normally distributed, a log transformation is applied
before the limits of agreement are calculated.
Analysis of agreement for ICA PSV as a categorical
variable. For categorical analysis, the weighted  statistic
was used to test for agreement among technologists. This
test is designed to be used in cases in which the categories
are ordered. It introduces the notion of a weighting factor
that allows for differences in the importance of disagree-
ments. It is usually intended to exact a greater penalty for
greater degrees of disagreement. Three categories of ICA
PSV that correspond to the cutoff values used in our
laboratory to determine the severity of carotid stenosis were
used. A normal to minimal disease (50%) scan is consid-
ered to have a velocity of less than 140 cm/s, moderate
Fig 3. Difference against means for internal carotid artery peak
systolic velocity for technologists A and C after logarithmic trans-
formation (Altman-Bland method). Black lines, Upper and lower
levels of agreement; red dashed line, mean difference; blue dotted
line, regression analysis. ICA, Internal carotid artery; PSV, peak
systolic velocity.
Fig 4. Difference against means for internal carotid artery peak
systolic velocity for technologists B and C after logarithmic trans-
formation (Altman-Bland method). Black lines, Upper and lower
levels of agreement; red dashed line, mean difference; blue dotted
line, regression analysis. ICA, Internal carotid artery; PSV, peak
systolic velocity.
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cm/s, and severe stenosis (70%) is documented when the
velocity is greater then 275 cm/s. A simple method for
evaluating agreement for the  statistic was proposed by
Landis and Koch20:   0.00, poor;   0.00 to 0.20,
slight;   0.21 to 0.40, fair;   0.41 to 0.60, moderate;
  0.61 to 0.80, substantial;   0.81 to 1.00, almost
perfect agreement. The  statistic cannot detect bias. Other
categorical velocity ranges were also evaluated, and are
presented in Appendixes A and B, online only.
RESULTS
Technologists A, B, and C measured ICA PSV in 31
patients. Fig 1 shows the ICA PSV recorded for each
patient by the three technologists. For convenience, the
patients have been ordered by increasing average value of
PSV measured by the three technologists.
Sources of variability. As anticipated, ANOVA re-
vealed that the greatest proportion of variability was due to
the patients, not the technologists (P  .005; Table I).
Only 0.58% of the total variability in measurement of ICA
PSV can be attributed to the technologists. Most of the
variability (97.18%) is attributed to the differing patients.
Variability of ICA PSV measurements as a contin-
uous variable. Analysis of the differences between the
ICA PSV measured by the technologists revealed the ab-
sence of a normal distribution. Therefore a logarithmic
Table I. ICA PSV*
Source variance Sum of squares df
Technologists 434.34 2
Patient 1,087,674.00 30
Error (residual) 50,195.66 60
Total 1,138,304.00 92
F distribution,   0.005; F  5.79.
ICA, Internal carotid artery; PSV, peak systolic velocity; df, degrees of freed
*Analysis of variance.
Table II. ICA PSV analysis of limits of agreement
95% Limits of agreement
Technologist A vs B 0.127-0.156
Technologist A vs C 0.136-0.154
Technologist B vs C 0.135-0.118
ICA, Internal carotid artery; PSV, peak systolic velocity.
Table III. ICA PSV analysis of bias: Fixed and proportion
Mean difference
Technologist A vs B 0.014
Technologist A vs C 0.009
Technologist B vs C 0.008
ICA, Internal carotid artery; PSV, peak systolic velocity; CI, confidence inttransformation was applied before analysis, using the
Altman-Bland method. Figs 2, 3, and 4 show scatter plots
after logarithmic transformation for technologists A versus
B, A versus C, and B versus C. From these plots it can be
seen that there is substantial interobserver variation. We
observed a significant dispersion on the zero line of the
y-axis. This significant spread from the zero line indicates a
large discrepancy among the measurements recorded by
the technologists. The 95% limits of agreement are shown
as straight upper and lower lines. Table II presents the 95%
limits of agreement with its anti-log transformation. The
anti-log of the difference between two values on a log scale
is a dimensionless ratio. This limit shows that for 95% of
cases the measurement of ICA PSV will differ by this
anti-log interval. For example, this would mean that the
measurements of technologist B might differ by 27% below
to 43% above the measurements taken by technologist A.
This anti-log transformation allows us to view the possible
range of differences for a given ICA PSV measurement in a
percentage form. The mean difference between the observ-
ers is shown as a dashed straight line running parallel to the
x-axis, close to zero. A regression line (dotted line) was also
fitted to these plots.
Table III shows the mean difference with its 95%
confidence interval. For each pair of technologists the
interval does not differ significantly from 0. Table III also
reveals the slope of the regression analysis with its 95%
riance component (cm/s)2
SD
(cm/s)
Variance
ration %
217.17 0.58 14.74 0.259
255.82 97.18 190.41
836.59 2.24 28.92
Anti-log of limits Percentage (range)
0.75-1.43 25% below–43% above
0.73-1.43 27% below–43% above
0.73-1.31 27% below–31% above
% CI mean Slope 95% CI slope
.100-0.038 0.047 0.180-0.021
.016-0.034 0.007 0.146-0.132
.029-0.013 0.026 0.093-0.145Va
36
om.al
95
0
0
0
erval.
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interval does not significantly differ from zero. That the
confidence intervals for the mean and the slope do not
differ significantly from zero allows us to conclude that
there is no fixed or proportional bias, respectively. The
absence of fixed bias indicates that a technologist does not
systematically either overestimate or underestimate the
ICA PSV as compared with the other technologists. That
no proportional bias was found indicates that the level of
agreement is maintained between the technologists as ICA
PSV rises.
Variability of ICA PSV measurements as a categor-
ical variable. The data for categorical analysis are shown
in Tables IV through VI. For the three categories of ICA
PSV, technologists A and B agreed in 30 of 31 (97%)
measurements, technologists A and C agreed in 28 of 31
(90%) measurements, and technologists B and C agreed
in 28 of 31 (90%) measurements. In these cross-tables it
can be seen that there is substantial agreement between
technologists regarding the measurement of stenosis in
all three categories. The  values for the three possible
pairs of technologists are shown in Table VII. There is
almost perfect agreement between each pair of
technologists.
For further analysis of ICA PSV as a categorical vari-
able, we used other cutoff values that have been suggested
in the literature for imaging equipment similar to ours.21,22
We found almost perfect agreement between our technol-
ogists when other cutoff value points were used for analyz-
ing the severity of carotid stenosis (Appendix A, Tables
VIII to XI, online only).
We also analyzed the ICA EDV as a continuous and
categorical variable. Our results show that 9.75% of the
total variability can be attributed to the technologists (Ap-
Table IV. Cross-tabulations of ICA PSV (cm/s) for
technologists A and B
Technologist A
Technologist B 140 140-275 275 Total
140 6 6
140-275 15 1 16
275 9 9
Total 6 15 10 31
ICA, Internal carotid artery; PSV, peak systolic velocity.
Table V. Cross-tabulations of ICA PSV (cm/s) for
technologists A and C
Technologist A
Technologist C 140 140-275 275 Total
140 6 2 8
140-275 13 1 14
275 9 9
Total 6 15 10 31
ICA, Internal carotid artery; PSV, peak systolic velocity.
pendix B, Table XII, online only). The agreement on a
continuous scale revealed even greater interobserver vari-
ability then observed for ICA PSV (Appendix B, Table
XIII, online only). We also found fixed bias between tech-
nologists A versus C and B versus C. Technologists A and B
systematically overestimated the measurements made by
technologist C. No proportional bias was found (Appendix
B, Table XIV, online only). In our categorical analysis we
did not observe substantial agreement in all three categories
(Appendix B, Tables XV to XVIII, online only).
DISCUSSION
Because of the important role of the measurements of
PSV with duplex scanning, it is important that the repro-
ducibility of duplex parameters from different technologists
be clinically reliable. We have minimized the potential
sources of error not attributable to the observer by using
one single anatomic site of measurement and by using the
same machine for every patient. ANOVA revealed that the
most significant portion of variability was caused by the
differing patients and not by the technologists.
Agreement between technologists for ICA PSV as
continuous variable. The Altman-Bland analysis permits
analysis of bias and limits of agreement between technolo-
gists. We were unable to find any systematic difference
between the technologists. In other words, none of the
technologists consistently recorded values that were higher
or lower than those of the others. This level of agreement
also did not depend on the value of the ICA PSV. To our
knowledge, we are the first to describe the notion of
proportional or fixed bias in the analysis of agreement
between technologists for cerebrovascular disease. Al-
though others have described the presence of proportional
bias when evaluating interobserver variability on femoro-
popliteal duplex scans,23,24 our results clearly show the
absence of such bias. Fig 1 suggests a trend toward propor-
Table VI. Cross-tabulations of ICA PSV (cm/s) for
technologists B and C
Technologist B
Technologist C 140 140-275 275 Total
140 6 2 8
140-275 14 1 15
275 8 8
Total 6 16 9 31
ICA, Internal carotid artery; PSV, peak systolic velocity.
Table VII. -weighted statistic
 SD CI
Technologist A vs B 0.948 	0.050 	0.098
Technologist A vs C 0.848 	0.083 	0.163
Technologist B vs C 0.845 	0.085 	0.166
CI, Confidence interval.
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this was not statistically significant. It is possible that the
number of patients with severe stenosis was too small to
enable us to confirm proportional bias. This proportional
bias could be attributed to the presence of a poststenotic
turbulent flow jet. The site of maximal spectral broadening
is located beyond the stenosis where the high-speed jet
spreads out over a distance of about 1 cm. It is possible that
the recording of maximal ICA PSV was taken distal to the
stenosis in the poststenotic turbulent flow, thereby under-
estimating the velocity. This phenomenon probably ex-
plains to a large extent the interobserver variation in mea-
suring the PSV found with increasing stenosis.
The limits of agreement between the measurements
made by these three experienced technologists are unac-
ceptably wide. This high interobserver variation makes the
interchangeability of our technologists’ measurements
problematic for clinical use. There are four possible expla-
nations for these wide intervals. First, the group sample size
may be too small, and the measurement of the ICA PSV
might be difficult to investigate with this method. Second,
because both the minimal and maximal values are far re-
moved from zero, it is almost inevitable that the analysis is
attended by a wide interval. This interval can be narrowed
only by studying a much larger sample. A third explanation
would be fluctuation of the patient’s blood pressure be-
tween measurements. The blood pressure was not deter-
mined before or after each examination. It is possible that
variation in blood pressure between each examination was
not recognized. A fourth explanation may be the absence of
multiple measurements for each technologist for each pa-
tient. Without this information we are unable to assess the
variability between measurements for a given technologist
and hence have a better estimation of the true measurement
for each technologist.
Agreement between technologists for ICA PSV as a
categorical variable. The weighted  statistic provided a
method for comparing the technologists when the rating
scale was categorical and ordered. The  values for all three
possible sets of technologists represent almost perfect
agreement. Because our categorical analysis included nor-
mal duplex scans, it is possible that our  value might be
overinflated. However, if we exclude the normal scans, we
still obtain near perfect agreement in patients with moder-
ate or severe stenosis.
Although we have found almost perfect agreement
between technologists in the analysis of ICA PSV as a
categorical variable, we were somewhat disappointed with
the wide limits of agreement in the analysis of ICA PSV as
a continuous variable. A tight limit of agreement would be
quite helpful when velocity measurements are in the vicinity
of cutoff values, and would be necessary to accurately
determine whether there is progression of severity of ste-
nosis. A simple method of enhancing the reliability of the
measurements taken would be to scan the suspected site of
stenosis a second time by a second technologist. This is
founded on the principle that repeated measurements are a
means of improving the accuracy of a measurement. How-ever, our wide limits of agreement do not permit us to
conclude that repeated measurements of the ICA PSV by
different technologists would improve its accuracy. There-
fore stenosis with a velocity in the vicinity of a cutoff value
may benefit from additional diagnostic testing, because of
the considerable interobserver variation in ICA PSV as a
continuous variable.
Our study attempted to minimize the potential sources
of error that are not attributable to the observer by using
one single anatomic site of measurement and by using the
same machine for every patient. However, multiples
sources of error regarding duplex scanning equipment and
vessel anatomy may have contributed to the wide limits of
agreement in the analysis of ICA PSV on a continuous
scale. The transducer beam pattern alters maximum veloc-
ity measurements by3% to 61%.25 Errors in measurement
can also arise from the variables in the Doppler scanning
equation. It is assumed that the speed of the ultrasound
beam is constant throughout the different tissue interfaces
and that no refraction occurs. Tissue refraction does occur,
and will be a source of angle error. The assumption of a
constant speed of sound and no refraction will result in an
8% error in measurement of maximal velocity.8 Sample
volume depends on depth (attenuation), size, and three-
dimensional positioning in the artery. The sample volume
shape is highly asymmetric and frequency-dependent,
which will contribute to measurement error.
From this study we can conclude that in the analysis of
the sources of variation in the measurement of the ICA PSV
only 0.58% can be attributed to the technologists. Al-
though the total variation attributed to the technologists is
small, analysis of ICA PSV as a continuous variable revealed
limits of agreement that were too wide for clinical use. Thus
the interchangeability of ICA PSV as a continuous variable
is not possible, because of the wide percentage change
interval between technologists, for clinical acceptance. Al-
though no maximum discrepancy between observers has
been officially recorded in the literature, no proportional or
fixed bias was observed between our experienced technol-
ogists. We were able to quantify the magnitude of the
problem in reporting PSV as a continuous variable. We can
assume that a small difference in sequential examinations
does not signify disease progression. Our study design does
not enable us to determine what magnitude of change in
the PSV represents disease progression. When categorical
analysis was applied to the ICA PSV, almost perfect agree-
ment was obtained between technologists, and conse-
quently the interpretation of the technologists can be used
interchangeably. Additional diagnostic testing may be of
value for stenosis with velocity in the vicinity of cutoff
values, to minimize inaccurate clinical decision-making.
The extensive experience of our vascular technologists
may represent another potential limitation of our study.
Their experience may not reflect the situation existing in
most vascular laboratories. Therefore our results may not
be applicable to every vascular laboratory.
In future work a carotid flow model designed to repro-
duce carotid artery anatomy, stenosis, depth, tortuosity,
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better isolate the variance attributable to the observer.
Repeated measures for each observer will help to determine
what magnitude of change in PSV is to be considered
disease progression. Several duplex scanning machine set-
tings would need to be standardized to isolate the various
sources of error. Such settings would include transducer
aperture size, focal depth, beam steering, gain, and sample
volume.
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